Introduction

Measurement
of tongue configuration during speech production is a major problem in speech research. Several studies of tongue configuration during speech have been reported. Methodologically , most of these studies have utilized X-ray techniques. Although these techniques can provide data on tongue configuration, they have some serious limitations. One of the disadvantages of X-ray techniques is the fact that excessive X-ray exposure produces unfavorable biological side effects. This problem has been reduced by the development of X-ray microbeam technique to track lead pellets attached to the tongue surface1 In this preliminary report, we will discuss the possibility of applying ultrasonic technique to the study of tongue dynamics during speech. For the front vowel /i/, it is clearly seen that the tongue root moves forward. On the contrary, for the back vowel /o/, the tongue root moves posteriorly, narrowing the pharyngeal cavity. These observed tongue shapes and positions are consistent with those obtained by previous radiographic observations.
In order to monitor the frontal configuration of the tongue, the probe was put on the subject's submandibular triangle, as shown in Figure 1 -b. As indicated in Figure 3 , the angle between the probe and the skin is critical to determine the visualized area, Figure 3 shows the measured contour of the surface at two different parts of the tongue during production of the five Japanese vowels. Results
shown in the upper panels were obtained with the probe held at 900 against the skin surface. Therefore, these contours represent the frontal section of the dorsum of the tongue, as well as its shape in the frontal plane, as illustrated at the right end. The height of the tongue is demonstrated by the echo line. Since the purpose of this paper is to demonstrate the possibility of application of the ultrasonic apparatus for speech science, we chose the five Japanese vowels /i/, /e/, /a/, /o/, and /u/ for comparison with previous data about tongue configuration for the vowels. s
The sagittal configurations observed by this method (Figure 2 ) correspond well to those observed by X-ray techniques. The area which was visualized by this method was narrower than that of the ordinary X-ray photo because of the hyoid bone and the mental process of the mandible. But if we use a sector type probe which radiate the ultrasonic beam in fan shape, we would be able to cover almost the whole area of the tongue surface.
Another advantage of this system is to provide data about the frontal section of the tongue. By using ordinary X-ray techniques, even with contrast medium, it has been difficult to visualize the frontal configuration of the tongue because of the existence of the radio-opaque structures such as the mandible, cervical spine, and so forth. The ultrasonic method can provide the frontal configuration of the tongue without difficulty. As demonstrated in Figure 3 , the angle of the probe against the skin surface is critical. If we can control this angle, we could monitor the frontal section of the tongue at any portion we want. In this preliminary report, we measured the tongue configuration at two different parts. One was the middle portion of the tongue with the probe held at 900 to the skin.
The other portion was the tongue root area. It is interesting that we can see a groove formation at the midline of the tongue root for some vowels. From the previous EMG data5), we have known that genioglossus muscle becomes active for the front vowels. On the contrary, that particular muscle activity is suppressed for the back vowels. Since the genioglossus muscle arises from the mental process and terminate in the midportion of the tongue along the midline, the groove formation for the front vowels can be explained.
One of the disadvantages of the ultrasonic technique is that we cannot have the palatal configuration on the same frame. Since the ultrasonic beam is radiated from beneath the tongue, the echo of the beam is coming back from the tongue surface and the beam would not reach the palatal surface. But when the subject makes tight contact of the tongue to the palate, we should be able to measure the contour of the palate.
Since the apparatus we used in this study is designed and developed purely for the clinical purpose, the informations we could get have been limited. But we think that some minor changes, mainly on the design of the probe, will improve usefulness of ultrasonic technique.
